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ABSTRACT: 

PROBLEM TO BE SOLVED: To simplify a deburring process after 
joining of a metal member. 

SOLUTION: In a joining device of metal where the first metal 
member Wl and the second metal member W2 are lapped and joined by a 
frictional agitation in non-melted state, a rotational member 1, 
which processes a surface part where the joining part of the second 
metal member W2 corresponds to the first metal member Wl while 
rotating, and a removal measure lb, which removes a burr generated at 
the peripheral of the rotation member 1 in the first metal member, 
are provided. The joining device is equipped with control measure to 
control the rotational member 1 to join the first and second metal 
member Wl, W2 by a frictional agitation at the joining part of the 
first and second metallic member Wl, W2, using the rotational member 
1 and the removal measure lb. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the junction approach of the metal which piles up the 1st metal member and the 2nd metal member, is 
made to agitate by friction in the state of unmelting, and is joined A rotation member is pressed to the surface part 
equivalent to a part for a joint with said 2nd metal member in said 1st metal member. By rotation of said rotation 
member The junction approach of the metal characterized by joining this 1st and 2nd metal member, removing the 
weld flash which is made to agitate a part for the joint of said 1st and 2nd metal member by friction in the state of 
unmelting, and is generated around this rotation member in this 1st metal member by rotation and press of said rotation 
member. 

[Claim 2] The junction approach of the metal according to claim 1 characterized by forming the tip of said rotation 
member in a plane. 

[Claim 3] The junction approach of the metal according to claim 1 or 2 characterized by forming a weld flash removal 
means to form a level difference to the tip of this rotation member in the periphery of said rotation member. 
[Claim 4] In the junction equipment of the metal which piles up the 1st metal member and the 2nd metal member, is 
made to agitate by friction in the state of unmelting, and is joined The rotation member pressed while rotating the 
surface part equivalent to a part for a joint with said 2nd metal member in said 1st metal member, Synchronizing with 
said rotation member, by removal means to remove the weld flash generated around this rotation member in this 1st 
metal member by press of this rotation member, and said rotation member Junction equipment of the metal 
characterized by providing the control means which controls said rotation member to make a part for the joint of said 
1st and 2nd metal member agitate by friction in the state of unmelting, and to join this 1st and 2nd metal member. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the junction approach of metals, such as a casting made from an 

aluminium alloy, and a plate, and junction equipment. 

[0002] 

[Description of the Prior Art] The conventional junction technique has joined the plate and the metal member by which 
press forming was beforehand carried out to the three-dimension configuration with superposition, electric resistance 
welding and arc welding, adhesives, the suspension join, the rivet, etc. 

[0003] And when it is a three-dimension configuration with a complicated metal member, spot welding locally joinable 
to a part for the joint with which it is dotted is used. 

[0004] Moreover, the junction approach which carries out friction churning in the state of unmelting is indicated by the 
patent No. 2712838 official report as other junction techniques. Make this junction technique insert and advance side 
by side, rotating the lobe called a probe to the plane of composition which compared two members, it makes the metal 
texture near the plane of composition plasticize with frictional heat, and is combined. 
[0005] 

[Problem(s) to be Solved by the Invention] However, when a junction technique given [ above-mentioned ] in an 
official report was applied to superposition junction of a metal member, weld flash occurred around the rotation 
member in a metal member by press of a rotation member, and trimming needed to be separately carried out to the 
plane of composition after junction of a member. 

[0006] This invention is made in view of the above-mentioned technical problem, and the purpose is offering the 
metaled junction approach and junction equipment which can simplify the trimming process after junction of a metal 
member. 
[0007] 

[Means for Solving the Problem] In order to solve an above-mentioned technical problem and to attain the purpose, the 
junction approach of the metal of this invention In the junction approach of the metal which piles up the 1st metal 
member and the 2nd metal member, is made to agitate by friction in the state of unmelting, and is joined A rotation 
member is pressed to the surface part equivalent to a part for a joint with said 2nd metal member in said 1st metal 
member. By rotation of said rotation member A part for the joint of said 1st and 2nd metal member is made to agitate 
by friction in the state of unmelting, and this 1st and 2nd metal member is joined, removing the weld flash generated 
around this rotation member in this 1st metal member by rotation and press of said rotation member. 
[0008] Moreover, the tip of said rotation member is preferably formed in the plane. 

[0009] Moreover, a weld flash removal means to form a level difference to the tip of this rotation member is preferably 
formed in the periphery of said rotation member. 

[0010] In the junction equipment of the metal which the junction equipment of the metal of this invention piles up the 
1st metal member and the 2nd metal member, is made to agitate it by friction in the state of unmelting, and is joined 
The rotation member pressed while rotating the surface part equivalent to a part for a joint with said 2nd metal member 
in said 1st metal member, Synchronizing with said rotation member, by removal means to remove the weld flash 
generated around this rotation member in this 1st metal member by press of this rotation member, and said rotation 
member A part for the joint of said 1st and 2nd metal member is made to agitate by friction in the state of unmelting, 
and the control means which controls said rotation member to join this 1st and 2nd metal member is provided. 
[0011] 

[Effect of the Invention] According to invention of claims 1 and 4, a rotation member is pressed like explanation above 
to the surface part equivalent to a part for a joint with the 2nd metal member in the 1 st metal member. By rotation of a 
rotation member By making a part for the joint of the 1st and 2nd metal member agitate by friction in the state of 



urtmelting, and joining the 1st and 2nd metal member, removing the weld flash generated around the rotation member 
in the 1st metal member by rotation and press of a rotation member The trimming process after junction of a metal 
member can be simplified. 

[0012] By forming the tip of a rotation member in the plane, as remains of junction, all, processing of a tool is also easy 
and, according to invention of claim 2, a hole can make it cheap. 

[0013] Since weld flash is crushed after junction of a metal member by forming a weld flash removal means to form a 
level difference to the tip of a rotation member in the periphery of a rotation member according to invention of claim 3, 
scraps are not generated but a tool is made cheaply. 
[0014] 

[Embodiment of the Invention] Below, the gestalt of operation of this invention is explained with reference to an 
accompanying drawing at a detail. 

[0015] In addition, the gestalt of the operation explained below is an example as an implementation means of this 
invention, and this invention can apply the following operation gestalt to what corrected or deformed in the range 
which does not deviate from the meaning. 

[0016] Drawing 1 is an enlarged drawing near [ explaining the superposition junction approach of the operation gestalt 
concerning this invention ] a rotation tool. 

[0017] The junction approach of this operation gestalt is applied to the plate made from an aluminium alloy, or the 
junction of a metal member by which press forming was beforehand carried out to the three-dimension configuration. 
By piling up the metal member of at least two sheets, and pressing the rotation tool 1 to the 1st metal member Wl on 
the front face of the outermost, the metal texture between the piled-up 1st and 2nd metal member Wl and W2 is 
agitated by unmelting with frictional heat, and it joins. 

[0018] And since it agitates by unmelting, problems, such as heat distortion generated in electric resistance welding 
etc., are solvable. 

[0019] Here, the condition of stirring by unmelting means softening a metal texture with frictional heat and stirring 
under temperature still lower than what has the lowest melting point, in each component contained in a base material, 
or an eutectic compound. 

[0020] As shown in drawing 1 , the junction approach by friction churning While superposition and a point 3 rotate the 
rotation tool 1 of the shape of a plane cylinder to the circumference of the axial center, the metal members Wl and W2 
of at least two sheets While forcing a point 3 on the 1st metal member Wl on the front face of the outermost, making 
the 1st metal members Wl and W2 agitate by friction in the state of unmelting and forming an unmelting churning 
layer, an unmelting friction churning layer is expanded even to the 2nd metal member W2, and the 1st and 2nd metal 
members Wl and W2 are joined. 

[0021] To obstructing the metal texture which was made to soften a metal texture with a probe and softened by the 
shoulder, by superposition junction of this operation gestalt, a point 3 softens a metal texture and has the function 
which carries out plastic flow by the conventional comparison junction. 

[0022] Moreover, popularity is won so that the 1st and 2nd metal members Wl and W2 may be pinched and the point 3 
of the rotation tool 1 may be countered, and the member 4 is arranged. The outer diameter of the receptacle member 4 
is designed more than the outer diameter of the rotation tool 1. 

[0023] The diameter phi 1 of the rotation tool 1 is about 10-1 5mm. Although the rotation tool 1 and the receptacle 
member 4 are the non-wearing out mold tools formed with steel materials with a degree of hardness higher than a metal 
member (cemented carbide etc.), if a metal member is the elastic quality of the material, it will not be limited to an 
aluminium alloy from the rotation tool 1. 

[0024] Moreover, as shown in drawing 2 , as for the rotation tool 1, crevice 3a is formed in the center of abbreviation of 
a point 3. Moreover, crevice 5a is formed also in the center of abbreviation of the point 5 of the receptacle member 4. 
[0025] In addition, it can receive with crevice 3a of the rotation tool 1, and crevice 5a of a member 4 can be prepared in 
either or both. Moreover, pin-like heights can also be prepared instead of crevice 3a. 

[0026] Drawing 3 thru/or drawing 5 are drawings which illustrate other configurations of the point 3 of the rotation tool 
1, (a) is a side elevation and (b) is the front view of a point. 

[0027] To the contact surface with a metal member, a point 3 inclines and is formed, and the rotation tool 1 shown in 
drawing 3 is constituted so that the height from the contact surface may change. Moreover, two or more lobe (or slot) 
3b is formed in the radial from the tip core towards the periphery to the plane point 3 so that the height of a point 3 may 
carry out difference of the rotation tool 1 shown in drawing 4 in a hoop direction. Moreover, at least one slot (or lobe) 
3c is formed from the tip core towards the periphery to the plane point 3 so that the height of a point 3 may carry out 
difference of the rotation tool 1 shown in drawing 5 in a hoop direction. 

[0028] In addition, the rotation tool 1 can be constituted combining the configuration of the point 3 shown in crevice 
3a, drawing 3 , or drawing 5 shown in drawing 2 that what is necessary is just to be able to form the shape of 



irregularity or a wave in the hoop direction of a point, or can also consist of configurations shown in drawing 4 and 
drawing 5 combining a lobe and a slot. When the height of a lobe and the depth of a slot are too large, since the 
churning nature of a metal texture gets worse, it is unsuitable. 

[0029] When it is a three-dimension configuration with complicated ** with picking and metal member joined 
pivotable on the arm of the articulated robot 10 which explains below, the rotation tool 1 is constituted so that it can 
join in spot (locally) to a part for the joint with which it is dotted. 

[0030] Drawing 6 is the schematic diagram of the articulated robot which holds and drives a rotation tool. 
[0031] As shown in drawing 6 , while an articulated robot 10 is connected with the joint 12 prepared in the base 1 1 and 
rocking focusing on the y-axis While connecting with the 1st arm 14 through the 1st arm 14 rotated at a joint 13 
focusing on the z-axis, and a joint 15 and rocking focusing on the y-axis It has the 2nd arm 17 rotated at a joint 16 
centering on a x axis, and the 3rd arm 19 which connects with the 2nd arm 17 through a joint 18, and is rocked 
focusing on the y-axis. 

[0032] The 3rd arm 19 is equipped with the motor 20 which carries out the rotation drive of the rotation tool 1, and the 
receptacle member 4 arranged so that the point 3 of the rotation tool 1 may be countered while the rotation tool 1 is 
attached pivotable. Popularity is won with the point 3 of the rotation tool 1, and spacing with the point of a member 4 
serves as adjustable with the actuator 22, and it is designed so that it can respond also by the thrust to a metal member 
and the metal member piled up three or more sheets at the time of junction. 

[0033] Teaching of the actuation of each arm of an articulated robot 10, a motor, and an actuator is carried out 
beforehand, and a control section 30 controls it. 

[0034] The thrust to the metal member of the rotation tool 1 is set up for a part for every joint based on the total board 
thickness, superposition number of sheets, etc. of a metal member, and also when the board thickness of each metal 
member differs, it can be applied. 

[0035] Moreover, as shown in drawing 7 , in joining the 1st thru/or the 3rd metal member Wl of three or more sheets - 
W3, by the rotation tools 1 A and IB of the pair which has the same outer diameter, a metal member is put and it joins. 
In this case, it replaces with the receptacle member 4 of drawing 2 , and rotation tool IB is attached in an articulated 
robot 10 pivotable, and inverse rotation of each rotation tools 1 A and IB is carried out, putting the 1st thru/or the 3rd 
metal member Wl - W3 by the points 3A and 3B of the rotation tools 1 A and IB which counter mutually. 
[0036] Moreover, even when the board thickness of the 1st and 2nd metal members Wl and W2 differs, it can join, but 
if the rotation tool 1 is made to press from a thin meat side especially, it becomes easier to agitate and uniform junction 
processing can be realized. 

[Plastic flow of metal texture at time of junction] drawing 8 is drawing showing the plastic flow condition inside a 
metal member when the point of a rotation tool is smooth. Drawing 9 is drawing showing the plastic flow condition 
inside the metal member at the time of forming a crevice in the point of a rotation tool. Drawing 10 is drawing showing 
the plastic flow condition inside the metal member at the time of forming a lobe or a slot in the point of a rotation tool. 
[0037] As shown in drawing 8 , when the rotation tool 1 with a smooth point 3 is used (the point 5 of the receptacle 
member 4) If the rotation tool 1 which rotates at the predetermined rotational frequency of explanation made smooth 
for convenience is pressed against the 1st metal member Wl at the abbreviation perpendicular Friction arises between 
the rotation tool 1 and the 1st metal member Wl, the front face softens, and the metal texture between the 1st and 2nd 
metal member Wl and W2 is agitated by the hand of cut in the state of unmelting. And if the thrust to the 1st metal 
member Wl by the rotation tool 1 is heightened further, the friction churning layer of unmelting is expanded even at 
the non-contact metal member W2, and it will be joined to the rotation tool 1, without carrying out melting of the 1st 
and 2nd metal members Wl and W2 finally piled up. 

[0038] As shown in drawing 9 , when the rotation tool 1 by which crevice 3a was formed in the point 3 is used (the 
point 5 of the receptacle member 4) While a metal texture is agitated by supposing that explanation is smooth for 
convenience in the hand of cut of a tool 1 The plastic flow of a three-dimension-longitudinal vortex occurs in the 
vertical direction (direction which intersects the plane of composition of a metal member), and is agitated around 
directly under [ of crevice 3a ], and it is joined, without carrying out melting of the 1st and 2nd metal members Wl and 
W2 finally piled up. 

[0039] Moreover, crevice 3a of the rotation tool 1 promotes the plastic flow in the crevice where the peripheral speed 
of a metal texture agitated serves as abbreviation zero, and when crevice 5a of the receptacle member 4 is prepared, it 
promotes the plastic flow of a metal member which does not contact the rotation tool 1 . 

[0040] Furthermore, as shown in drawing 10 , when the rotation tool 1 by which lobe (or slot) 3b was formed in the 
point 3 is used (the point 5 of the receptacle member 4) While a metal texture is agitated with the irregularity of the 
radial of a point 3 by supposing that explanation is smooth for convenience in the hand of cut of a tool 1 Plastic flow is 
added in the vertical direction (direction which intersects the plane of composition of a metal member) which carries 
out rotation ****** periodic change in the interface of the 1st metal member Wl and the 2nd metal member W2. By 



flow of this periodic vertical direction Diffusion of the interface of both the metal member is promoted, and it is joined, 
without carrying out melting of the 1st and 2nd metal members Wl and W2 finally piled up. 

[0041] As mentioned above, when crevice 3a is prepared in the point 3 of the rotation tool 1, all the metal textures that 
should be joined are fully agitated, and since churning to the direction which intersects the plane of composition of a 
metal member is inadequate when smooth without preparing crevice 3a to bonding strength increasing, bonding 
strength will become weak. 

[0042] Moreover, as compared with the case where crevice 3a is formed when irregularity is formed in the rotation tool 
1 at a radial, the contact conditions to the metal texture of the point of the rotation tool 1 differ, and since it can set up 
so that the angular velocity of a metal texture agitated in the center section may become smaller than the angular 
velocity of a periphery, while churning nature is high, there is an advantage of being easy to generate the three- 
dimensions-plastic flow to a hand of cut and the vertical direction in the range where a point is large. 
Although the 6000 system steel plate (aluminum-Mg-Si steel plate) standardized by JIS as a metal member is used as 
an example injunction processing of a [test-result] book operation gestalt, it is applicable by the 5000 system steel 
plate (aluminum-Mg steel plate) or other metal members. 

[0043] Drawing 1 1 is drawing showing the bonding strength test method by unmelting friction churning of this 
operation gestalt. Drawing 12 is drawing showing the result depended on the bonding strength test method of drawing 
H. 

[0044] The bonding strength trial of drawing 1 1 pulled the joined 1st and 2nd metal members Wl and W2 in the 
direction which conflicts mutually, and has measured the tensile force in the time of a plane of composition separating 
as bonding strength. 

[0045] Moreover, as for junction conditions, in phi 10mm and the press holding time, the diameter of the point 3 of 
2000rpm and the rotation tool 1 used [ the tool rotational frequency ] that 6000 systems and whose board thickness are 
1mm, as for the time amount after 0.2mm pushing, and a metal member. 

[0046] As shown in drawing 12 , compared with the case where it is a tool with a point 3 smoother to use the rotation 
tool 1 by which crevice 3a was formed in the point 3, bonding strength becomes high and demand reinforcement is 
filled. 

[0047] Moreover, when the tool by which crevice 3a was formed in the point 3 is used to becoming the exfoliation 
fracture which separates from the plane of composition of a metal member at the time of destruction as shown in 
drawing 15 in the case where it is a tool with a smooth point 3, as shown in drawing 13 and drawing 14 , since a plane 
of composition serves as carbon button fracture fractured from the part Wa corresponding to the perimeter of the 
rotation tool 1, without separating, it understands that bonding strength is high at the time of destruction. 
[0048] Furthermore, since it is agitated enough and joined so that the junction interface of a metal texture may become 
homogeneity when it joins to a point 3 using the tool by which crevice 3a was formed, as shown in drawing 16 thru/or 
drawing 19 , bonding strength becomes high. 

[0049] moreover — the case where it is a tool with a smooth point 3 when bonding strength becomes high so that the 
press holding time over the metal member of the rotation tool 1 is long, but press maintenance was carried out about 10 
seconds or more and the rotation tool 1 by which crevice 3a was formed in the point 3 is used ~ bonding strength - 
abbreviation — it becomes the same. 

The 1st and 2nd metal member of [junction between which the alloy ingredient was made to be placed] can make an 
alloy ingredient able to intervene between both metal members, and can also be joined. 

[0050] Drawing 20 is drawing explaining the junction approach of the 1st and 2nd metal member of having made the 
alloy ingredient intervening. Drawing 21 is drawing explaining signs that the alloy ingredient is spread in the joint part 
P of the 1st and 2nd metal member. 

[0051] As shown in drawing 20 and drawing 21 , the 1st metal member Wl is an aluminium alloy plate, and the 2nd 
metal member W2 is Fe steel plate with which the Zn-5aluminum layer or Zn hot-dipping layer Wc was formed 
through Zn-Fe-aluminum or the Zn-Fe alloy layer Wd as an alloy ingredient. A Zn-5aluminum layer consists of an 
eutectic presentation with about 95% of the weight of Zn component, and about 5% of the weight of aluminum 
component. Moreover, what covered the Zn-5aluminum alloy ingredient is the the best for an aluminium alloy 
preferably. Zn hot-dipping layer is marketed after having been covered by the metal member generally for rust 
proofing. 

[0052] If the rotation tool 1 is pressed to the surface part equivalent to the joint part P with the 2nd metal member [ in / 
through the Zn-5aluminum layer or Zn hot-dipping layer Wc as an alloy ingredient / for the 1st and 2nd metal members 
Wl and W2 / superposition and the 1st metal member Wl ] W2, an aluminium alloy will be agitated by friction and 
will start plastic flow. If plastic flow is promoted, the oxide skin on the front face of an aluminium alloy will be 
destroyed, the diffusion layer which a Zn-5aluminum layer or Zn hot-dipping layer Wc, and an aluminium alloy are 
spread mutually, and become from aluminum, aluminum-Zn, Zn-aluminum, Fe-Zn, and Fe will be formed, plastic flow 



will be promoted further, it will become the aluminum-Zn-Fe alloy layer We, and the aluminium alloy plate Wl and a 
steel plate W2 will be joined through the aluminum-Zn-Fe alloy layer We. 

[0053] In addition, when joining the steel plate and aluminium alloy plate with which the Zn-5aluminum layer or Zn 
hot-dipping layer Wc is not covered, alloy ingredients, such as a Zn-5aluminum layer or Zn alloy foil, may be made to 
be separately placed between the joint parts P of both members. Moreover, the Mg-aluminum alloy ingredient other 
than Zn-aluminum may be formed as an alloy ingredient. 

[0054] As for the rotation tool 1, the point can use the tool of various configurations mentioned above besides a plane. 
Moreover, the rotation tool which formed the lobe 2 called a probe to a point may be used. 
[0055] Moreover, the rotation tool 1 is pressed from the one among the 1st metal member Wl and the 2nd metal 
member W2 where the melting point is lower, and is made to agitate by friction. 

[0056] Thus, since it can join in a short time and thermal and mechanical load to a tool can be reduced by pressing a 
rotation tool from the aluminium alloy side which the melting point and high temperature strength soften in heat inputs 
fewer than a high steel plate as compared with an aluminium alloy, there is an advantage that a tool life is extensible. 
[0057] Moreover, as shown in drawing 22 thru/or drawing 25 , in order for the rotational frequency to the metal 
member of the rotation tool 1 to promote regularity ( drawing 22 , 23) or destruction of the oxide skin of an aluminium 
alloy with lOOOrpm extent, you may make it change periodically ( drawing 24 , 25). It is not desirable in order for 
junction to take time amount, if a rotational frequency is decreased. 

[0058] Moreover, the thrust to the metal member of the rotation tool 1 is made to fix or ( drawing 22 , 24) increase 
gradually ( drawing 23 , 25). If thrust is decreased, plastic flow will become inadequate and sufficient bonding strength 
will no longer be obtained. 

[0059] It is necessary to make thrust high as the metal texture softened the relation between a rotational frequency and 
thrust. 

[Diffused junction of alloy ingredient] drawing 26 (a) - (d) is drawing showing signs that form the diffusion layer 
which a Zn-5aluminum layer and an aluminium alloy are spread mutually, and become from aluminum, aluminum-Zn, 
Zn-aluminum, Fe-Zn, and Fe, and plastic flow is promoted further, become the aluminum-Zn-Fe alloy layer We, and 
the aluminium alloy plate Wl and a steel plate W2 are joined through the aluminum-Zn-Fe alloy layer We. 
[0060] If friction churning is carried out by unmelting by the rotation tool 1 from the condition which the Zn- 
5aluminum layer was made to intervene and piled up the aluminium alloy plate and Fe steel plate which are shown in 
drawing 26 (a), as shown in drawing 26 (b), the diffusion layer which turns into a lower layer of an aluminium alloy 
from aluminum and a Zn-5aluminum layer will be formed, and the diffusion layer which consists of a Fe and Zn- 
5aluminum layer will be formed in the upper layer of Fe steel plate. 

[0061] Furthermore, if plastic flow progresses by churning, as shown in drawing 26 (c), Zn component of a Zn- 
Saluminum layer is further spread in an aluminium alloy and Fe steel, and the rate of Zn component of a Zn-5aluminum 
layer falls by this diffusion reaction (the rate of aluminum component increases). 

[0062] Next, from the condition which shows in drawing 26 (c), when plastic flow progresses further, the diffusion 
reaction of the diffusion layers by the side of the diffusion layer by the side of an aluminium alloy and Fe steel plate is 
performed, and the aluminum-Zn-Fe alloy layer shown in drawing 26 (d) as a result is formed. 

[0063] As mentioned above, the 1st and 2nd metal members Wl and W2 are joined through the alloy layer of 3 element 
system of aluminum-Zn-Fe. Thereby, the 1st and 2nd metal members Wl and W2 can prevent that a weak intermetallic 
compound called Fe-aluminum is generated by the plane of composition, and can make bonding strength very high by 
3 element system alloy layer of Fe-aluminum-Zn. 

With the [metal member configuration] book operation gestalt, it is suitable for the junction of a metal member by 
which press forming was beforehand carried out to the three-dimension configuration, that is , like junction of the car 
body frame Wl of the automobile show in drawing 27 , and the reinforcement member W2 , it have a three dimension 
configuration with a complicated metal member by press forming , and it can weld locally by use the junction approach 
of this operation gestalt , and to the joint part P which cannot move the rotation tool 1 continuously and with which it 
be dot , even if it be after press forming , it become joinable . 

[Weld flash removal structure] drawing 28 is drawing showing the point of the rotation tool which prepared the chip for 
cutting in a rotation tool. Drawing 29 is drawing showing the point of the rotation tool which prepared the level 
difference for weld flash control in a rotation tool. 

[0064] In order to remove the burr Wb (refer to drawing 13 ) generated in a metal member at the time of junction, as 
shown in drawing 28 and drawing 29 , chip lfor cutting a or level difference lb for weld flash control whose diameter 
is expanded to the peripheral face near the tip of the rotation tool 1 may be formed by one-or post-installation. 
[0065] Chip lb for cutting is a plane parallel to a point 3, and is prepared in the peripheral face near the tip of the 
rotation tool 1 by four regular intervals every 90 degrees. In addition, chip lb for cutting is made not a plane but in the 
shape of [ of the shape for example, of a whorl ] an end cutting edge, and the number of chips can be set as arbitration 



according to the component and the amount of pushing of a metal member. 

[0066] Moreover, by the plane parallel to a point 3, level difference lc for weld flash control covers the perimeter, and 
is formed in the peripheral face near the tip of the rotation tool 1 . 

[0067] Drawing 3 1 is drawing explaining the trimming approach at the time of preparing the chip for cutting in a 
rotation tool. Drawing 32 is drawing explaining the trimming approach at the time of preparing the level difference for 
weld flash control in a rotation tool. 

[0068] When chip lb for cutting removes weld flash Wb, as shown in drawing 3 1 , the weld flash Wb generated around 
the rotation tool 1 in the 1st metal member Wl by rotation and press of the rotation tool 1 is cut and removed. 
[0069] When level difference lc for weld flash control removes weld flash Wb, the weld flash Wb generated around 
the rotation tool 1 in the 1st metal member Wl by rotation and press of the rotation tool 1 is crushed and removed so 
that it may be shown drawing 32 . 

[0070] As the location of the direction of an axial center of chip lfor these cutting b or level difference lc for weld 
flash control is shown in drawing 30 , only the amount t of pushing of the point 3 stuffed into the metal member Wl is 
formed up. 

[0071] In chip lfor cutting b, while weld flash is completely removable, scraps Wb are generated, and in order to use 
hard chip lb for cutting, the rotation tool 1 becomes expensive. Although an appearance is inferior a little in order that 
the weld flash Wb crushed by level difference lfor weld flash control c to it may remain, there is an advantage that the 
rotation tool 1 is cheap and scraps are not generated. 

[0072] Moreover, you may constitute possible [ rise and fall ] on the revolving shaft and the same axle of the rotation 

tool 1 without fixing chip lfor cutting b, or level difference lc for weld flash control to the rotation tool 1. 

[0073] Drawing 33 is drawing showing the example and the weld flash removal approach of having prepared chip lfor 

cutting b, or level difference lc for weld flash control possible [ rise and fall ] to the rotation tool. 

[0074] As shown in drawing 33 , chip lfor cutting b or level difference lc for weld flash control is prepared in the 

revolving shaft and the same axle of the rotation tool 1 to the peripheral face at the point of the hollow shaft (good also 

as pivotable) 41 which can go up and down. 

[0075] When chip lfor cutting b of this rise and fall system or level difference lc for weld flash control removes weld 
flash Wb, make it go up at the time of the junction shown in drawing 33 (a) and (b), and it is made to estrange from a 
part for a joint, and as shown in drawing 33 (c) and (d), after the completion of junction, it descends, chip lfor cutting b 
or level difference lc for weld flash control is cut or crushed, and weld flash Wb is removed. 

[0076] Although a facility becomes complicated and expensive as compared with fixed by making chip lfor cutting b, 
or level difference lc for weld flash control into working, even when changing the amount of pushing of a rotation tool 
according to a metal member, there is an advantage that it can respond by the same tool. 
Although the [continuation junction] above-mentioned implementation gestalt explained the example of the spot 
junction which press the rotation tool 1 and does not move it to a part for a joint, you may join continuously, making 
the rotation tool 1 move forward or rock, as shown in drawing 34 . 

[0077] If about 1 degree is made to incline back to the advance direction and it is made to move as shown in drawing 
35 when advancing the rotation tool 1 by drawing 34 , churning nature of the part which inclined compared with the 
case where it presses at right angles to the metal member Wl will improve. 

As a modification of a [modification] book operation gestalt, in order to control distortion of a metal member, it is also 
joinable, cooling a part for the joint of a metal member. What is necessary is to join in cooling water or just to supply 
cooling water to a part for a joint as the cooling approach. 

The junction technique of [surface treatment] book operation gestalt is applicable also to the surface treatment of a 
metal member. 

[0078] Between the adjacent ports formed especially in the cylinder head of an automobile for the casting made from 
an aluminium alloy in surface treatment (valve Mabe), and a piston, By making it agitate, without being used for 
surface treatment processing of a brake disc etc., and carrying out melting of the surface treatment field of the casting 
made from an aluminium alloy with frictional heat Detailed-izing of a metal texture, homogeneity decentralization of 
an eutectic silicon (Si) particle, and reduction of a casting defect can be aimed at, and the thing beyond the 
conventional RIMERUTO processing can be obtained in material properties, such as a thermal fatigue (low cycle 
fatigue) life, elongation, and shock resistance. 

[0079] Moreover, although AC4D which is the aluminium alloy standardized by JIS is used as an example in the 
surface treatment of this operation gestalt as shown in drawing 36 , as an aluminum alloy casting, a presentation ratio 
can be preferably changed in 4 - 13% of the weight of the range one to 24% of the weight as 0.2 - silicon (Si) content 
1.5% of the weight as magnesium (Mg) content of an aluminium alloy. AC8A elsewhere used for AC4B, AC2B, and a 
piston can be used. The reason for setting up the upper limit of silicon content to 24% is that stirring nature gets worse 
while a material property and fluidity are saturated, even if it increases silicon more than by it. 



[0080] The aluminum alloy casting containing magnesium deposits Mg2Si by heat treatment, and reinforcement 
increases. However, when carrying out melting like RIMERUTO processing and making a metal texture make it 
detailed, the magnesium of a low-melt point point (650 degrees C) may evaporate, and a content may fall. And if a 
magnesium content falls, even if it will heat-treat, hardness and reinforcement will fall and a desired material property , 
will be acquired. 

[0081] On the other hand, in the surface treatment by friction churning, since melting of the metal texture is not carried 
out and magnesium does not evaporate, as for an aluminum alloy casting, Mg2Si is deposited by heat treatment, and 
reinforcement is raised. 

[0082] Although fluidity (the fluidity of a molten metal, being able to lengthen a property, crack nature between 
heatproofs) improves by adding silicon to an aluminium alloy, eutectic silicon acts as a kind of defect, and a 
mechanical property (elongation) falls. 

[0083] Eutectic silicon is hard and it is weak, and since it becomes the origin of crack initiation, and a propagation 
path, elongation falls. Moreover, the fatigue life falls by the part which receives thermal stress repeatedly like valve 
Mabe. And although the gestalt with which eutectic silicon was connected along with the dendrite is presented in the 
metal texture, eutectic silicon is made detailed and it becomes possible by distributing homogeneity to control the crack 
initiation by stress concentration, and propagation of the generated crack. 

[0084] Drawing 37 is drawing which explains the surface treatment art between the adjacent ports formed in the 

cylinder head of an automobile (valve Mabe) as an example of application to surface treatment. 

[0085] As shown in drawing 37 , surface treatment processing is moved in valve Mabe of the port which adjoins each 

other in the rotation tool 1, agitating by friction so that it may travel through valve Mabe along with the processing loci 

F1-F3. 

[0086] In addition, this invention can apply the above-mentioned operation gestalt to what corrected or deformed in the 
range which does not deviate from the meaning. 



[Translation done.] 



